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HISTORICAL  NOTES. 

Up  to  the  present  time  but  little  work  lias  been  done  on  the  enzyms 
of  the  egg  oi  the  common  fowl.  Krukenberg,1  in  1879,  found  indi- 
cations of  pepsin  in  the  yolk  of  the  egg  of  the  hen,  and  mentioned  the 
presence  of  trypsin  and  diastase.  No  quantitative  results  are  given 
and  the  statements  are  made  empirically.  Reynolds  Green2  stated 
thai  Hartog  had  confirmed  Krukenberg's  observations,  but  gave 
no  reference  to  the  original  paper.  Muller  and  Masuyama3  have 
demonstrated  the  presence  of  amylase  in  both  the  yolk  and  white  of 
the  hen's  egg,  and  have  determined  its  activity  as  measured  by 
the  rate  at  which  starch  is  changed  to  sugar  and  by  the  character  of 
the  product  formed.  The  quantity  of  amylase  in  the  white  of  the 
egg  is  much  less  than  that  in  the  yolk.  Roger4  not  only  stated  that 
amylase  is  present  in  egg  yolk,  but  that  three  different  forms  of  the 
enzym  exist  there,  one  of  which  is  soluble  in  water,  another  in  alco- 
hol, and  the  third  insoluble  in  both  of  these  solvents.  The  descrip- 
tion of  the  methods  used  to  isolate  the  amylases  is  too  brief  to  enable 
another  investigator  to  repeat  the  experiment.  J.  de  Rey-Pailhade 5 
reported  that  a  reducing  enzym,  which  he  termed  ' 'pliilothion,"  is 
present  in  the  egg  of  the  chick.  Tallarico,6  in  a  study  of  the  relation 
of  enzyms  to  the  food  supply  of  the  chick,  worked  on  fertilized  and 
unfertilized  eggs  and  found  not  only  that  lipase,  protease,  and  cata- 
lase  are  present,  but  that  the  activity  of  these  enzyms  changes  as 
development  proceeds. 

Apparently  the  information  which  is  available  on  the  enzyms 
of  the  hen's  egg  is  neither  very  extensive  nor  very  definite.  The 
subject  is  of  importance  from  the  viewpoint  of  both  the  physiological 
and  the  food  chemist,  since  the  behavior  of  the  naturally  occurring 
enzyms  of  the  developing  embryo  or  of  the  unfertilized  germ  cell 
may  influence  its  quality  and  availability  as  a  food  for  either  the 
human  being  or  the  growing  chick.  The  small  amount  of  work  which 
has  been  done  has  been  chiefly  from  the  embryologieal  side;  the 
experiments  to  be  reported  were  made  in  the  hope  that  knowledgo 
might  be  gained  that  would  assist  in  making  clear  obscure  changes 
that  affect  the  quality  of  the  egg  when  used  as  a  food.  Therefore 
the  work  has  been  done  on  fresh  eggs,  fertilized  and  unfertilized, 
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stale  eggs,  and  eggs  of  known  history  kept  for  varying  lengths  of  time 
under  definite  conditions.  Experiments  nave  been  made  to  determine 
the  presence  of  pepsin,  trypsin,  lipase,  catalase,  and  reductase. 

METHODS  FOR  THE  DETERMINATION  OF  ENZYMS. 

PEPSIN. 

In  spite  of  the  fact  that  several  investigators  have  stated  that  pro- 
teolytic ferments  occur  in  the  yolk  of  the  hen's  egg,  it  has  not  been 
possible  to  demonstrate  their  presence  by  the  methods  to  be  cited, 
in  either  fresh  or  deteriorated  eggs.  The  attempt  was  made  to  con- 
centrate any  pepsin  present,  using  the  well-known  method  first 
suggested  by  Briicke.  The  egg  substance  was  ground  with  clean, 
sterile  sea  sand  and  water  with  the  addition  of  5  per  cent  of  phos- 
phoric acid.  After  filtering,  lime  water  was  added  until  the  solution 
was  nearly  neutral.  The  precipitate  of  calcium  phosphate  was  rcdis- 
solved  in  dilute  hydrochloric  acid  and  reprecipitated  with  lime  water. 
The  precipitate  was  once  more  dissolved  in  dilute  hydrochloric  acid 
and  a  solution  of  cholesterin  in  alcohol  and  ether  was  introduced  by 
means  of  a  long-stemmed  dropping  funnel  reaching  to  the  bottom  of 
the  vessel  containing  the  pepsin  solution.  The  fine  precipitate  of 
cholesterin,  to  which  the  pepsin  would  adhere,  was  filtered  and 
washed  with  dilute  acetic  acid  and  shaken  up  with  a  little  water  and 
ether.  The  cholesterin  dissolved  in  the  ether,  the  pepsin  remaining 
dissolved  in  the  water.  The  solution  actually  obtained  had  no 
appreciable  power  to  digest  coagulated  egg  albumen  in  a  0.2  per 
cent  concentration  of  hydrochloric  acid.  The  solution  was  tested 
for  activity  by  means  of  thin-walled  glass  tubes  about  2  cm  in  length 
and  1  mm  in  diameter,  into  which  liquid  egg  white  had  been  filled 
and  coagulated  by  heat.  Digestion  of  the  egg  white  in  these  tubes 
did  not  occur.  A  blank  containing  0.2  per  cent  hydrochloric  acid 
was  used  as  a  check  in  all  experiments. 

Fresh  eggs,  market  eggs,  and  badly  deteriorated  eggs  have  been 
used  with  negative  results  in  all  cases.  Fertile  eggs  when  incubated 
15  days  and  examined  as  above,  gave  no  distinct  test  for  pepsin. 
Egg  material  only  was  tested,  not  the  young  chick. 

TRYPSIN. 

An  attempt  was  also  made  to  demonstrate  the  presence  of  trypsin  in 
eggs.  The  sample  of  egg  was  ground  with  clean  sand  and  one  part 
of  1  per  cent  acetic  acid.  The  mixture  was  then  extracted  for  3 
days  with  a  rather  large  volume  of  glycerin,  stirring  from  time  to 
time.  After  filtering  away  the  debris,  the  extract  was  precipitated 
with  alcohol.  The  precipitate,  when  dissolved  in  water,  with  the 
addition  of  0.2  per  cent  sodium  carbonate,  gave  a  solution  that  had 
no  distinct  action  on  coagulated  egg  albumen.  Its  action  upon 
fibrin  was  not  investigated.  Other  egg  studies  under  way  in  this 
laboratory  show  that,  even  in  eggs  of  an  advanced  stage  of  deteriora- 
tion, the  decree  of  proteolysis  is  almost  inappreciable.  This  would 
seem  to  indicate  that  pepsin  and  trypsin  play  only  a  small  part  in 
the  decomposition  of  eggs. 
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LIPASE. 

A  study  of  the  lipase  content  of  eggs,  both  fresh  and  deteriorated, 
has  been  made;  the  method  used  is  that  outlined  by  1  ennington  and 
Hepburn.1  The  amount  of  lipase  present  was  determined  by  its 
hyarolytic  action  on  ethyl  butyrate.  One  hundred  grams  of  mixed 
egg  were  ground  with  sand  and  600  cc  of  water  and  filtered  through 
absorbent  cotton.  One  hundred  cubic  centimeters  of  the  solution  so 
obtained  were  mixed  with  2  cc  of  ethyl  butyrate,  a  small  amount  of 
toluene  being  added  as  bactericide.  One-half  cubic  centimeter  of  1 
per  cent  solution  of  phenolphthalein  was  then  added.  After  neu- 
tralization the  solution  was  placed  in  an  incubator  at  40°  C,  the 
temperature  generally  recognized  as  the  optimum  for  lipase,2  and 
allowed  to  stand  for  3  days.  One  hundred  cubic  centimeters  of  the 
same  solution  were  boiled  and  used  as  a  control  test,  the  hydrolysis 
due  to  lipase  being  calculated  by  difference.  In  the  appended  tables 
the  values  given  represent  cubic  centimeters  of  tenth-normal  alkali, 
necessary  to  neutralize  the  acid  set  free  by  lipase  in  the  course  of 
the  experiment.  The  presence  of  the  strong  yellow  pigment  in  egg 
yolk  interferes  greatly  in  determining  sharply  the  titration  end- 
point.  A  number  of  indicators  were  tried,  but  phenolphthalein  was 
found  to  be  the  most  satisfactory.  Another  method  has  been  tried 
which,  to  some  extent,  avoids  the  above  difficulty,  but*  unfortunately 
introduces  another  source  of  error.  The  egg  substance  may  be  first 
coagulated  with  alcohol,  filtered,  dried  in  a  vacuum  desiccator  over- 
night, and  then  ground  with  sand  and  water  as  above.  In  this  way 
a  much  sharper  end-point  may  be  obtained;  but  the  method  was 
abandoned,  since  it  seemed  not  at  all  certain  that  the  lipase  was  com- 
pletely extracted  from  the  coagulated  mass  obtained  after  such  a 
procedure. 

CATALASE. 

A  number  of  determinations  have  been  made  of  the  catalase  con- 
tent of  eggs  of  various  histories.  One  hundred  grams  of  egg  were 
ground  with  sterile  sand  and  800  cc  of  water.  The  mixture  was 
filtered  through  cotton  and  50  cc  of  the  solution  so  obtained  were 
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used  for  each  test,  being  mixed  with  the  same  volume  of  l—  hydro- 
gen peroxid  and  incubated  for  2  hours  at  38°  C.  In  working  with 
fertile  eggs  with  embryos  in  an  advanced  stage  of  development  the 
whole  was  macerated  by  running  through  a  small  meat  chopper,  but 
this  was  seldom  necessary.  A  blank  determination  was  made  in  each 
case,  50  cc  of  the  original  solution  being  heated  to  boiling  and  mixed 
with  hydrogen  peroxid  as  above. 

Several  forms  of  apparatus  for  collecting  the  oxygen  evolved  were 
made  use  of,  but  a  simple  Erlenmeyer  flask  with  a  two-hole  rubber 
stopper  receiving  a  small  dropping  funnel  with  glass  stopcock  and 
a  delivery  tube  was  found  to  be  quite  satisfactory.  The  oxygen  was 
caught  in  a  small  eudiometer  over  water.  Since  the  temperature  of 
the  incubator  was  constant  within  small  limits  no  corrections  were 


» J.  Amer.  Chem.  Soc,  1912,  S4:  210-22. 
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made  for  temperature  and  water  vapor,  but  only  for  pressure.  The 
gas  volumes  given  in  Table  1  are,  therefore,  those  of  oxygen  satu- 
rated with  water  vapor  at  38°  C.  and  760  mm  pressure.  A  battery 
of  8  flasks  and  eudiometers  was  made  use  of,  allowing  several  deter- 
minations to  be  made  at  one  time. 

REDUCTASE. 

A  few  attempts  have  been  made  to  find  reductase  in  eggs.  The 
method  used  was  as  follows:  50  grams  of  egg  were  ground  with  sand 
and  200  cc  of  water  and  filtered.  To  20  ce  of  the  filtrate  1  ec  of  methy- 
lene blue  solution  and  a  little  toluene  were  added.  The  mixture  was 
put  into  a  small  flask  having  a  ground  stopper  of  such  construction 
that  all  air  was  forced  out  of  the  flask  when  the  stopper  was  inserted. 
So  closed,  the  flasks  were  incubated  at  40°  C.  and  the  time  required 
for  reduction  noted.  The  methylene  blue  solution  may  be  of  two 
types — (1)  5  cc  of  a  saturated  solution  of  metlrylene  blue  in  95  per 
cent  alcohol  diluted  to  200  cc  with  water;  (2)  5  cc  of  the  above  solu- 
tion of  methylene  blue  with  5  cc  of  40  per  cent  formalin  and  190  cc 
of  water.  In  general  the  results  were  negative.  In  several  cases 
the  control  blank  was  found  to  have  reduced  before  any  change  was 
noticeable  in  the  test  itself. 

OXIDASES. 

No  tests  for  oxidases  were  attempted,  since  the  yolk  pigment  masks 
most  color  changes  brought  about  by  oxidizing  ferments.  The  fact 
that  the  blank  in  the  examination  for  reductase  so  often  decolorized 
before  the  egg  extract  might  indicate  that  they  were  present. 

RESULTS. 

Included  in  the  appended  tables  are  a  number  of  determinations  of 
loosely  combined  nitrogen  by  the  method  of  Folin,  as  used  in  this 
laboratory.1  Results  obtained  here  have  shown  that  this  method  is 
of  value  in  determining  the  progress  of  deterioration  of  eggs  as  well 
as  of  flesh,  and  it  was,  therefore,  adopted  as  an  indication  of  the 
condition  of  the  eggs  used  for  enzym  determinations. 

As  may  be  seen  from  Table  2,  the  lipase  content  of  fresh  eggs  is 
quite  low  and  it  shows  a  fairly  regular  increase  as  the  egg  deteriorates. 
In  the  case  of  incubated  eggs  the  increase  in  lipase  content  with 
incubation  is  more  noticeable  in  the  case  of  fertile  eggs  than  in  the 
case  of  the  infertile,  although  in  both  cases  it  is  very  evident.  Market 
eggs  of  unknown  history,  as  we  might  expect,  show  considerable 
variation  in  lipase  content.  Storage  eggs,  after  2  months  at  32°  C, 
showed  an  increase  in  lipase,  although  at  the  end  of  another  month 
there  had  been  no  further  increase. 

A  number  of  determinations  were  made  of  the  catalase  content  of 
incubated  eggs,  both  fertile  and  infertile.  The  increase  in  catalase 
is  great  in  the  first  case  and  far  less  in  the  second;  in  fact,  in  some 
cases  infertile  eggs,  heated  for  several  weeks,  showed  lit  tie  more  cata- 
lase than  the  average  for  the  fresh  eggs,  while  fertile  eggs,  at  the  end 
of  a  week,  showed  a  catalase  content  ten  times  as  great. 
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The  cataiase  contend  of  fresh  eggs  is  somewhat  variable,  as  will  be 
soon  from  Table  1 .  There  is  evidence,  although  it  is  not  conclusive, 
thai  in  the  fresh  fertile  egg  it  is  higher  than  in  the  fresh  infertile  egg, 
the  eggs  obtained  in  spring  showing  a  higher  enzym  content  than 
autumn  eggs.  The  former  were  found  to  be  about  90  per  cent  fertile, 
while  the  latter  were  nearly  00  per  cent  infertile.  Again,  the  factor 
of  the  strength  and  vigor  of  the  hen  in  the  early  spring  months  may 
affect  the  cataiase  content  of  the  egg.  It  is  generally  conceded  that 
early  eggs  give  strong  chicks,  and  they  are  also  most  desirable  for 
storage  purposes.  More  work  on  this  phase  of  the  problem  is  highly 
desirable. 

In  the  ease  of  market  eggs  of  unknown  history  the  cataiase  content 
is  naturally  variable.  Storage  eggs,  after  several  months  at  32°  C, 
showed  a  slight  increase. 

Several  experiments  have  indicated  that  the  greater  proportion  of 
cataiase  is  in  the  white  of  the  egg,  although  it  is  not  absent  from  the 
yolk.    This  will  be  further  investigated. 

Several  determinations  were  made  of  the  cataiase  content  of  canned 
eggs,  put  up  under  excellent  conditions  and  hard-frozen  for  several 
months.  In  general,  the  amount  present  was  not  greater  than  in  the 
fresh  egg. 

The  amount  of  loosely  bound  nitrogen  in  incubated  eggs,  as  deter- 
mined by  the  Folin  method,  shows  an  interesting  change.  In  the 
case  of  infertile  eggs  a  very  noticeable  and  quite  regular  increase 
takes  place  with  time,  while  in  the  case  of  the  fertile  eggs  the  increase 
is  very  slight.  Considering  the  content  of  loosely  bound  nitrogen  as 
a  criterion  of  protein  decomposition,  this  is  not  surprising,  since  in 
the  first  case  heat  would  be  expected  to  increase  catabolic  processes, 
making  for  simpler  nitrogen  compounds,  while  in  the  second  case  it- 
introduces  metabolic  or  upbuilding  processes. 


Table  1. — Ca'alase  in  fresh  eggs. 


No.  of 
experi- 
ment. 

Date. 

Source  ol 
sample. 

Cataiase 
test (cc 
oxygen). 

Cataiase 
blank. 

Oxygen 

from 
cataiase. 

Remarks. 

1912. 

cc. 

cc. 

Mar.  22  

Hennery  A.. 

6.60 

2.40 

4.20 

 do  

 do  

8.80 

2.40 

6.40 

403 

Jan.  11  

 do  

6.20 

2. 30 

3.90 

420 

Feb.  23  

Hennery  B.. 

11.2 

4.1 

7.1 

White  shell  eggs,  laid  1  to  7  days 

before  date. 

 do  

 do  

14.3 

4.1 

10.2 

White  shell  eggs,  individual. 

 do  

 do  

12.0 

4.1 

7.0 

Do. 

 do  

 do  

12.4 

4.1 

8.3 

Dark  shell  eggs,  individual. 

 do  

 do  

5.6 

4.1 

1.5 

Do. 

 do  

 do  

6.0 

4.1 

1.0 

Do. 

Feb.  28  

 do  

3.80 

3. 15 

.65 

Dark  shell  eggs. 

 do  

 do  

6.00 

3.15 

2.85 

Individual  egg. 

 do  

 do  

3.90 

3. 15 

.75 

Do. 

 do  

 do  

6.80 

3.15 

3.65 

Do. 

 do  

 do  

4.80 

3. 15 

1.65 

Do. 

Mar.  10  

Hennery  A.. 

22.30 

2.20 

20.10 

White  of  egg  used. 

 do  

 do  

4.00 

2.00 

1.40 

Yolk  of  egg  used. 

 do  

 do  

9.60 

.70 

8.90 

Mixed  eggs. 

 do  

 do  

7.20 

.70 

6.50 

Individual  egg. 

 do  

 do  

2. 10 

.70 

1.40 

Do. 

Mar.  22  

 do  

lfi.30 

3.3.5 

12. 95 

White  of  egg  used. 

 do  

 do  

7.00 

3.35 

3.65 

Individual  egg. 

 do  

 do  

3.30 

3.00 

.30 

Yolk. 

 do  

 do  

3.20 

3.00 

.20 

Individual  egg. 
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14.40 

3.30 

»o  • 

s  i 

.30 
30. 90 

2. 40 
2.20 

2. 30 

3.30 
.80 

1 

tO  »0 

s  i 

<N  '- 

3.60 
31.70 

4.95 
2.35 

.00 

5.55 
1.20 

5.90 
1.65 
.00 

.60 
1.95 

1.20 
1. 15 

.75 

1.40 
1.30 

2.00 
1.80 
1.40 

1.50 
2. 10 

6.15 
3.50 

.70 

6.95 
2.50 

7.90 
3.45 
1.30 

2.10 
4.05 

—  M 

u9  -r 
— 

88 

to    to  oi  to  oi 

— <      —  ~J  — . 

88  8888 

•  < 

•< 

8 

.00161 

Fertile  1 

Infertile.. . 
Fertile. . . . 

Infertile.. . 

c 

Fertile  or  1 

infertile. 
Fertile  

©   .' © 

sill 

Infertile... 

reriue  or 
infertile. 
Infertile... 

Fertile  

Infertile.. . 

Fertile  

< 
>. 

L 

c 

d 
3 

Hennery  A 

i  8  § 

2  §  8 

Jan.     9. 1912 

Jan.  15.1912 

 do  

i  Jan.   It'.,  L912 

i  do  

I  I  p  I  2  %  |  mi 
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Table  3. — Catalase  in  market  and  cold  stored  eggs. 


No.  of 
experi- 
ments. 

Date. 

Lipase 
ttst. 

Lipase 
blank. 

Hydrol- 
ysis 
due  to 
lipase. 

Catalase 
test  (cc 
oxygen). 

Catalase 
blank. 

Oxygen 

from 
catalase. 

Remarks. 

401-1 
408 

408 
408 

Dec.  21,1911 
Mar.  20,1912 

 do  

2.2.5 

0. 9.5 

cc. 
1.30 

cc. 

Fresh  eggs  in  storage  at 

0°  C.  66  days. 
White  of  egg,  in  storage 

at  0°  C.  65  days. 
Do. 

Individual    whole,  in 
storage  at  0°  C.  65 
da  vs. 
Do. 

Yolk  of  egg,  in  storage 

at  0°  C.  65  days. 
Market  eggs  just  bought 

(seconds). 
Market    eggs  (firsts), 

after  standing  in  room 

for  2  weeks. 
Market  eggs  (firsts). 
Market  ei:gs  (seconds*. 
Same,  held  in  ice  box 

weeks. 

3.60 

3.20 
9.50 

4.  GO 
2.10 

0. 40 

.40 
3.40 

2.  fO 
.40 

3.20 

2.80 
6. 10 

2.60 
2. 10 

2.4 

13.0 

4.5 
4.8 
4.1 

do   

 do  



 do  

Oct.  10,1911 
Oct  24,1911 

Oct.  —.1911 
Oct.  —.1911 
Nov.  —,1911 

1 

1  Period  of  catalase  reaction,  1  hour. 


Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  June  21, 1912. 
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